by cold-knife cone, hysterectomy, or radio/chemotherapy, as appropriate, we targeted a risk-stratifi ed subset of 2655 sexually active women to investigate the origins of incident CIN2+ (we also followed 410 non -sexually active women, but because they could not contribute prevalent HPV infections, they were excluded from this analysis) ( 15 ) . Among the 2655 women, 1013 (38.2%) were HPV positive at enrollment and 657 (24.7%) had at least one carcinogenic HPV type. Women were followed with conventional and liquidbased cytology; samples for HPV testing were collected at each screening visit. Initially, 2163 women were followed annually and 492 women with low-grade intraepithelial lesion (LSIL) or CIN1 at baseline were followed at 6-month intervals. During the course of the study, as in regular clinical practice, women were shifted to an accelerated (every 6 month) screening if they presented with LSIL or CIN1. Approximately 3 months after enrollment, 1578 women (59.4%) underwent a colposcopy visit because of minor or equivocal baseline screening abnormalities or as normal control subjects without screening abnormalities. Cervical specimens collected at each visit were tested for the presence and type of HPV using an L1 degenerate-primer polymerase chain reaction -based method ( 8 , 16 ) . The cohort study and ancillary projects continued for 10 years. New CIN2+ outcomes were defi ned by independent multiple reviews of histopathology by pathologists blinded to HPV results.
Human papillomavirus (HPV) assays are increasingly used in clinical practice, and there is increasing awareness that HPV causes cervical cancer. Indeed, some clinicians and members of the public become excessively alarmed at a fi nding of HPV detection ( 1 -5 ) . Cervical HPV infection is not a disease per se; infections with carcinogenic HPV types are extremely common, and the risk of cancer following single-time HPV detection (ie, its predictive value) is accordingly low, especially in young women ( 6 -10 ) .
On the other hand, persistent infections with a carcinogenic HPV type substantially increases the risk for cervical cancer, and the longer the carcinogenic infection lasts, the greater the risk ( 6 , 11 -13 ) . Distinguishing the risk associated with persistent vs transient HPV infection is especially important, given the application of HPV testing to screening. We present the outcomes (viral clearance, persistence without cervical intraepithelial neoplasia grade 2 or worse [CIN2+], or persistence with new diagnosis of CIN2+) during 30 months of follow-up of prevalent carcinogenic HPV infections detected at enrollment into a population-based cohort in Guanacaste, Costa Rica.
During 1993 -1994, 10 049 randomly selected women, 18 years of age or older, living in Guanacaste were invited to participate in a longitudinal study of HPV infection and cervical neoplasia. The participation rate was 93.6%, and subsequent loss to follow-up was less than 10% ( 14 ) . Baseline prevalence of carcinogenic HPV infection was similar to that in the United States; prevalence was 13.7% overall and highest (24.4%) in women 18 -24 years old ( 8 ) . All women signed an informed consent form at enrollment, and the study protocol was reviewed and reapproved annually by institutional review boards at the National Cancer Institute and in Costa Rica.
After enrollment, at which time all women with prevalent CIN2+ were treated Women with confi rmed CIN2+ were treated with loop electrosurgical excision procedure, cold-knife cone, hysterectomy, or radio/chemotherapy, as appropriate ( 15 ) . We optimized HPV typing by replicate testing and use of three different sets of primers ( 16 -18 ) 
CONTEXT AND CAVEATS

Prior knowledge
Cervical infections with carcinogenic human papillomavirus (HPV) types are common, but most infections are transient and do not increase a woman ' s risk for cervical cancer. However, if the infection is persistent, the risk of cervical cancer is increased substantially. Understanding the natural history of HPV infection is important as molecular tests for HPV come into widespread use.
Study design
Longitudinal analysis of data from women enrolled in a population-based cohort in Guanacaste, Costa Rica, and screened regularly for HPV and cervical cytology. Viral clearance, viral persistence without cervical intraepithelial neoplasia grade 2 or worse (CIN2+), and viral persistence with CIN2+ were assessed over time for carcinogenic HPV infections detected at enrollment.
Contributions
Most infections cleared rapidly, with twothirds clearing by 12 months. Among infections that persisted for at least 12 months, 21% were associated with a CIN2+ diagnosis by 30 months. The risk was highest in women younger than 30 years with persistent HPV-16 infection, with 53% of such infections leading to a diagnosis of CIN2+ by 30 months.
Implications
Patients with normal cytology but with cervical infection with carcinogenic HPV should be managed with watchful waiting because of the high likelihood that their infection will clear. Persistent infection calls for more active treatment.
Limitations
The intensive screening of women in this study could have led to overestimates of CIN2+ lesions because these have a relatively high regression rate. Similarly, the clearance estimates could have been affected by the screening intervals, with clearance likely occurring faster than could be measured. We concentrated on the fi rst 30 months of follow-up because clinicians are considering how to integrate HPV testing results into management of women during this time frame ( 19 , 20 ) . The fi rst 2 years or so after detection of carcinogenic HPV represents a clinically important decision period for whether to treat or not, during which the chance of clearance must be weighed against the risk of CIN2+.
Because of uncertain outcome, infections that were lost to follow-up before the end of the 30 months but whose infections were still persisting at the time of the last observation (n = 55, 6.2%) were excluded from the analysis. To further reduce uncertainty, we also excluded 35 (3.9%) infections with two or more consecutive intervening negative HPV results (including one CIN2).
For each infection in the fi nal analysis (n = 800 infections detected among 599 women), we recategorized as positive (ie, as a false-negative test that day) any single intervening negative HPV result between positive tests (7.5%, 95% confi dence interval [CI] = 5.8% to 9.5%) ( 11 ) . After these recategorizations, infections with negative results during follow-up were considered cleared at the visit that yielded the fi rst negative result. When there were missing results between the last positive and fi rst negative HPV result (61%, 95% CI = 58% to 64%), we agnostically assigned clearance to the midpoint bin. Overall we imputed positive results at more than two bins for 168 (21%) of the 800 infections. We assigned "persistence with CIN2+" status to single or multiple persisting typespecifi c infections that were present from enrollment until the time bin that yielded CIN2+ histology.
We calculated cumulative proportions of three possible outcomes (clearance, persistence without CIN2+, or persistence with CIN2+) at successive time-bin points for all age groups combined, for women younger than 30 years (median age = 23 years), and for women 30 years of age and older (median age = 43 years), for all carcinogenic HPV types and for HPV-16 alone. We tested equality of proportions using large-sample statistics ( ␣ = .05, two-tailed).
Clearance of most of the 800 carcinogenic HPV infections was very rapid, with 55% (95% CI = 52% to 59%) and 67% (95% CI = 63% to 70%) clearing by 6 and 12 months, respectively ( Figure 1, A ) . Persistence of these prevalently detected HPV infections at 30 months was less common in women younger than 30 years (35 of 393; 9%, 95% CI = 6% to 12%) ( Figure  1 , B ) than among women 30 years and older (86 of 407; 21%, 95% CI = 17% to 25%) ( Figure 1 , C ) ( P < .001). Only 4% (95% CI = 3% to 6%) of carcinogenic HPV infections were linked to newly diagnosed CIN2+ by 30 months, and 7% (95% CI = 6% to 9%) were linked to it by year 7 (data not shown). However, viewed as a percentage of infections that persisted for at least 12 months (n = 153), the cumulative risk of a diagnosis of CIN2+ rose steadily after 12 months, reaching 21% (95% CI = 15% to 28%) by 30 months (32 of 153 persisting infections).
For HPV-16, 45 of the 115 infections detected at enrollment persisted to 30 months; of these, 13 (29%; 95% CI = 16% to 44%) led to a CIN2+ diagnosis ( Figure 2, A ) . The corresponding percentage was 53% (95% CI = 29% to 76%) among women younger than 30 years and 12% (95% CI = 2.4% to 30%) for women 30 years or older ( Figure 2, B and C ) .
These population-based, longitudinal data confi rm that detection of carcinogenic HPV types is extremely common on a cross-sectional screening ( 8 , 13 ) but that the large majority of infections clear quickly ( 13 ) . Clearance curves varied substantially by HPV type but were less affected by the presence of minor cytologic abnormalities at enrollment (data not shown). With greater duration of persistence, the chance for subsequent clearance declined and the risk of CIN2+ diagnosis among persisting infections rose ( Figures 1 and 2 ) . Interestingly, in our intensively screened cohort, most incident cases of CIN2+ associated with HPV-16 were diagnosed in women younger than 30 years.
Our clearance estimates are probably affected by screening intervals that were long compared with the rapid clearance of many HPV infections. Early clearance actually occurs faster than we could measure, especially for imputed midpoints when we had missing results between the last positive and fi rst negative HPV result (13) . At the time of CIN2+ diagnosis, four women out of 28 had two persistent infections with carcinogenic HPV; consequently, if we assume that each CIN2+ is caused by a single HPV type, our estimate of progression to CIN2+ is slightly overestimated. Two considerations must be taken into account when extrapolating the reported predominance of HPV-16 CIN2+ lesions in women younger than 30 years to other populations. First, our intensive screening strategy allowed detection of early CIN2+ lesions, lowering the average age of diagnosis ( 21 ) ; second, 50% of these lesions were CIN2 lesions, which have a higher regression rate than CIN3+ lesions and might have gone undetected with a less intensive screening strategy ( 22 ) .
These data suggest that, when possible, a patient with a normal cytology and initial positive HPV result should be managed with watchful waiting because a 12-month follow-up can safely exclude more than 50% of infections as transient. Treatment of young women who have less than CIN3+ histopathology risks complications with uncertain benefi t ( 23 , 24 ) . Once typespecifi c HPV infections can be reliably detected by well-validated assays, new screening and management guidelines will need to be developed that incorporate these natural history data.
